[Keithley] [Melles Giot Photonics Conponents]
Surface M cromachining of Dianond for Fabrication of MEMS M crostructures

Di amond bridges and cantilevers are forned by sel ective deposition and
sel ective etching.

NASA' s Jet Propul sion Laboratory, Pasadena, California

A surface-m cromachi ni ng process has been devised for use in fabricating
m croscopi ¢ polycrystalline dianond structures (e.g., bridges and
cantilevers) as integral parts of mcroel ectronechani cal systens (MEMS)
The general concept of MEMS enconpasses such diverse objects as sinple
mechani cal actuators, sinple nmechanical sensors, or conplex units
containing electronic or optoelectronic circuitry integrated with
mechani cal sensors and/or actuators. Because dianond is highly resistant to
corrosion and is transparent, the ability to formdianond structures could
contribute to the devel opnent of MEMS to w thstand corrosive environnments.
For exanpl e, dianmond structures could serve as supports for
corrosion-resistant el ectrodes in MEMS designed for bionedica
applications. MEMS containing dianond filns could al so prove useful as
aut onoti ve sensor and di spl ay devi ces.

An expl anation of the distinction between surface and bul k m cromachi ni ng
is prerequisite to a description of the present
di anond- sur f ace- m cromachi ni ng process. In bul k m cromachi ni ng,
t hree-di nensi onal features are etched into the bulk of a crystalline or
noncrystalline material. In surface m cromachining, features are built up
| ayer by layer, on a substrate of single-crystal silicon or other suitable
material. The features in a given layer are defined by dry etching or
sel ective deposition. Then the structure containing the feature is rel eased
fromthe substrate by wet etching (and consequent undercutting) of the
substrate materi al

The present di anond-surface-m cromachi ni ng process i s best described in
terns of experinments in which it was first denonstrated. The starting
substrates in the experinents were nmirror-snooth, (100)-oriented
single-crystal silicon wafers that were, variously, p- or n-doped to a
resistivity <20 ©cm The wafers were cleaned, then thernmally oxidized to a
depth of 1 to 1.5 mcroneters.

Each substrate was prepared for selective deposition of dianond,
followi ng either procedure A or procedure B described bel ow

Procedure A. To increase the density of nucleation sites for dianond and

t hereby make it possible to obtain a pinhole-free dianond deposit, the
surface of the oxidized substrate was danaged by ultrasonic agitation in
nmet hanol contai ni ng di anond particles. The ultrasonically danaged Si Q2
substrate surface was photolithographically patterned. By use of a buffered
oxi de-etch solution, the wafer was partially chemcally etched through the
openings in the photoresist to renove the damaged oxi de surface | ayer and

t hereby define the areas where dianond was not to be deposited. The

phot oresi st was then renoved by commercial stripping solutions and the
substrate cl eaned in an oxygen pl asnma

Procedure B. The Si2 substrate surface was photolithographically



patterned, then the substrate was hard-baked at a tenperature of 150 to
200°C. The substrate (with the photoresist still in place) was subjected to
ultrasonic agitation in methanol containing dianond particles, so that the
Si @2 surface areas exposed through the holes in the photoresist nmask woul d
be danmaged and woul d therefore becone sites for deposition of dianond. Then
t he photoresist was stripped off and the substrate cleaned as in procedure
A

Fol | owi ng procedure A or B, the substrate was cleaned, then placed in a
chemi cal - vapor - deposition (CVD) chanber. Pol ycrystalline di anond was grown
on the patterned and damaged Si Q2 areas by CVD froma flow ng m xture of
nmet hane and hydrogen, typically at a total pressure of 45 torr (6 kPa) and
a substrate tenperature of 950 °C

The di anond- patterned substrate was cleaned in solvents. In a
phot ol i t hogr aphi ¢ process, a new photoresist pattern was forned to define
the portions of the substrate to be etched away fromthe di anond. Then by
use of a buffered oxide-etch solution, the SiQ2 |layer on the substrate was
renoved from under sel ected di anond-patterned areas, |eaving dianond
structures supported over airgaps (bridges and cantilevers).

[ I mage]

Opti cal phot ographs show Di anond Beans and Di anond Cantil ever Beans t hat
were fabricated using selective dianond deposition and subsequent
m cr omachi ni ng process.
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